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Figure S1. Distribution of the potential bias introduced by second hand smoke on the association 
between onset of asthma on the island of Montreal and air pollutant levels of: NO2  (for the years 
1996 to 2006)  B) PM2.5 (for the years 1996 to 2006)  and C) O3 at the birth address (for the years 
1999 to 2006)	
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Indirect adjustment for second hand smoke	 

Individual information on secondhand smoke (SHS) exposure where not available in this study, 

thus we could not controlled for this potential confounder. However we performed an indirect 

adjustment for SHS for the Montreal sub-cohort by using a strategy proposed by Steenland and 

Greenland 2004 and adapted by Villeneuve et al. 2011 for continuous exposures. First, we 

divided the respective distributions of Montreal NO2, O3 and PM2.5 exposure estimates into 

quintiles. For these quintiles of exposure, we estimated the proportion of children exposed at 

home to SHS. Area-specific (i.e. postal code) prevalence of at home childhood exposure to SHS 

was retrieved from a survey conducted in 2006 in Montreal (Deger et al. 2010). We also 

retrieved from a meta-analysis (Tinuoye et al. 2013) a rate ratio representing the association 

between childhood asthma and SHS. The bias associated with SHS for each quintile was then 

estimated using the following formula for indirect adjustment (Equation 1): 

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵! =   
𝐼𝐼! × ((1− 𝑝𝑝!,!)+ 𝑅𝑅𝑅𝑅! ∗ 𝑝𝑝!,!)
𝐼𝐼! ×((1− 𝑝𝑝!,!)+ 𝑅𝑅𝑅𝑅! ∗ 𝑝𝑝!,! )

 

where Pe,q is the prevalence of exposure to SHS at quintile q, Pe,l is the prevalence of exposure to 

SHS at the lowest quintile and RRe is the rate ratio of childhood asthma associated with exposure 

to SHS. I0 in this equation is the incidence rate of asthma among children unexposed to SHS. 

However this equation could be simplified to discard the I0 term. As proposed by Villeneuve et 

al. 2011, we performed a linear regression in order to present estimation of indirectly adjusted 

point estimates for a continuous scale. In this model, the estimated bias for each quintile (Biasq) 

was considered as the dependent variable whereas the independent variable was a random 

sample of a uniform distribution of air pollutant levels per quintile. The slope of this regression 

represents an estimation of the potential confounding induced by SHS exposure. Finally, the 
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indirectly adjusted HRs were calculated by dividing the Montreal sub-cohort HRs, adjusted for 

sex and the Pampalon deprivation index, by the exponentiation of the bias slope. 

In order to compute the uncertainty around our indirectly adjusted point estimates, we used 

Monte Carlo sampling with 100,000 replications to repeatedly sample from distributions of rate 

ratios as well as prevalence exposures to SHS. The distribution the rate ratio linking SHS and 

childhood asthma was based on data from a meta-analysis (n=20) (Tinuoye et al. 2013), we 

assumed a normal distribution with a mean value equal to the natural logarithm of the rate ratio 

and standard deviations equal to the standard errors. Identical assumptions were made to 

construct the distribution around our association between childhood asthma and outdoor air 

pollutants that were derived from this study. The distribution of the prevalence exposure to SHS 

was assessed using data from the aforementioned survey (Deger et al. 2010). We presumed a 

normal distribution with a mean equal to the logit of the proportion of exposed. Adjusted HRs 

and their 95% Monte Carlo confidence interval were calculated for each pollutant. 
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Table S1. Distributions of estimated annual average concentrations of PM2.5 and O3 at both the 

annual and the birth address in the Montreal sub-cohorta 

 Birth address  Time-varying 

 O3
b PM2.5

c O3
b PM2.5

c  

minimum 12.19 10.10 12.19 9.73  

25% 30.11 13.42 29.69 13.00  

50% 31.27 13.94 31.27 13.94  

75% 32.88 14.40 32.88 14.40  

Maximum 38.06 14.85 38.08 14.59  

Interquartile range 3.09 0.99 3.18 1.41  

Mean  31.55 13.65 31.16 13.62  
aexposures was based on annual level 
bfor the years 1999-2010 (in ppb) 
cfor the years 1996-2011 (in µg/m3) 
NO2 levels in the Montreal sub-cohort are presented in table 2 of the article.
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Table S2. Associations between asthma onset and air pollutant levels in Quebec, per increase of 

an interquartile range in air pollutant levels, without regions of the province where health 

services may be under-reporteda,b,c 

 
Sample 

size 

Exposure at birthc  Time-varyingd 

  
Interquartile 

range 
Hazard ratios  

(95% CI) 
Interquartile 

range 
Hazard ratios  

(95% CI) 

O3
d 780,593 3.22 ppb 1.11 (1.10, 1.12)‡ 3.26 ppb 1.13 (1.12, 1.13)‡ 

PM2.5
e 1,045,653 6.50 µg/m3 1.31 (1.28, 1.33)‡ 6.53 µg/m3   1.31 (1.29, 1.33)‡ 

aassociations adjusted for sex and indexes of social and material deprivation  
bThe province of Quebec without the following social and healthcare regions : North of Quebec, 
Outaouais, the North Shore, the Gaspésie and the Magdalene 
cexposures based on annual levels 
dfor the years 1999 to 2010 
efor the years 1996 to 2011 
‡p-value < 0.001
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Table S3. Associations between asthma onset and time-varying air pollutant levels, per increase 

in interquartile range, restricted to non-moversa,b 

 Sample size Interquartile 
range 

Hazard ratios 
(95% CI) 

NO2
c 54,186 5.27 ppb 1.04 (1.01, 1.06) 

O3
d 350,755 3.26 ppb 1.11 (1.10, 1.12)‡ 

PM2.5
e 486,815 6.53 µg/m3 1.33 (1.30, 1.35)‡ 

aassociations adjusted for sex and indexes of social and material deprivation 

bexposures based on annual levels  

crestricted to the Montreal sub-cohort, for the years 1996 to 2006 
dfor the years 1999 to 2010 
efor the years 1996 to 2011 
‡p-value < 0.001 
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Table S4. Associations between asthma onset and air pollutant levels, per increase of an 

interquartile range in air pollutant levels, with reconfirmation of onset when it occurred before 

the age of fivea,b 

 
Sample 

size 

Exposure at birth   Time-varying exposure 

  
Interquartile 

range 
Hazard ratios 

 (95% CI) 
Interquartile 

range 
Hazard ratios 

 (95% CI) 

NO2
c 97,536 5.45 ppb 1.06 (1.03, 1.14)‡ 5.27 ppb 1.06 (1.02, 1.11)‡ 

O3
d 389,760 3.22 ppb 1.21 (1.19, 1.22)‡ 3.26 ppb 1.22 (1.20, 1.23)‡ 

PM2.5
e 511,187 6.50 µg/m3 1.24 (1.22, 1.26)‡ 6.53 µg/m3   1.23 (1.22, 1.25)‡ 

aassociations adjusted for sex and indexes of social and material deprivation  
bexposures based on annual levels 
cfor the Montreal sub-cohort, for the years 1996 to 2006 
dfor the years 1999 to 2010 
efor the years 1996 to 2011 
‡p-value < 0.001
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Table S5. Associations between asthma onset and air pollutant levels, per interquartile range increase in air pollutant levels, stratified 

by sexa,b 

  
Sex Sample 

size 

Exposure at birth  Time-varying exposure 

Interquartile 
range 

Hazard ratios 
 (95% CI) 

Wald 
homogeneity 
test p-value 

Interquartile 
range 

Hazard ratios  
(95% CI) 

Wald 
homogeneity 
test p-value 

NO2
c 

Female 108,582 5.45 ppb 1.04 (1.02, 1.06) 
0.43 

5.27 ppb 1.06 (1.03, 1.08) 
0.27 

Male 108,164 5.45 ppb 1.05 (1.03, 1.08)‡ 5.27 ppb 1.08 (1.06, 1.11)‡ 

O3
d 

Female 424,590 3.22 ppb 1.11 (1.09, 1.12) ‡ 
0.46 

3.26 ppb 1.13 (1.11, 1.14)‡ 
0.41 

Male 404,687 3.22 ppb 1.12 (1.10, 1.13)‡ 3.26 ppb 1.13 (1.12, 1.14)‡ 

PM2.5
e 

Female 589,241 6.50 µg/m3 1.30 (1.28, 1.31)‡ 
0.36 

6.53 µg/m3   1.31 (1.29, 1.33) ‡ 
0.44 

Male 544,697 6.50 µg/m3 1.31 (1.30, 1.33)‡ 6.53 µg/m3   1.33 (1.30, 1.35)‡ 
aassociations adjusted for sex and indexes of social and material deprivation  
bexposures based on annual levels 
cfor the Montreal sub-cohort, for the years 1996 to 2006 
dfor the years 1999 to 2010 
efor the years 1996 to 2011 
‡p-value < 0.001 
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Table S6. Associations between asthma onset and air pollutant levels in Quebec, per increase in interquartile range of pollutant levels, 

stratified by regiona,b 

  Regions Sample 
size 

 Exposure at birth  Time-varying exposure 

Interquartile 
range 

Hazard ratios 
 (95% CI) 

Wald 
homogeneity 
test p-value 

Interquartile 
range 

Hazard ratios  
(95% CI) 

Wald 
homogeneity 
test p-value 

O3
c 

Urban 736,306 3.22 ppb 1.11 (1.10,1.13) ‡. 
0.42 

3.26 ppb 1.12 (1.09,1.13)‡ 
0.52 

Rural 92,971 3.22 ppb 1.13 (1.09,1.16)‡ 3.26 ppb 1.14 (1.10,1.17)‡ 

PM2.5
d 

Urban 921,062 6.50 µg/m3 1.28 (1.24,1.32)‡ 
0.18 

6.53 µg/m3   1.30 (1.24,1.33)‡ 
0.24 

Rural 212,876 6.50 µg/m3 1.33 (1.29,1.37)‡ 6.53 µg/m3   1.36 (1.28,1.48)‡ 
aassociations adjusted for sex and indexes of social and material deprivation  
bexposures based on annual levels 
cfor the years 1999 to 2010 
dfor the years 1996 to 2011 
‡p-value < 0.001  
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A) Bias factor for NO2 B) Bias factor for PM2.5 

C) Bias factor for O3 

 

Figure S1. Distribution of the potential bias introduced by second hand smoke on the association 

between onset of asthma on the island of Montreal and air pollutant levels of: NO2  (for the years 

1996 to 2006)  B) PM2.5 (for the years 1996 to 2006)  and C) O3 at the birth address (for the years 

1999 to 2006)   
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